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Case History - Monitored Settlement of 32m Thick Compacted Fill 
William A. Trow, Richard Carrington and Timothy G. 
Orpwood 
Trow Consulting Engineers ltd., Brampton, Ontario, Canada 
SYNOPSIS 
An abandoned brickyard, about 32 m deep, was filled with soil from numerous excavations in the Metro Toronto area with the 
ultimate intent of development for residential purposes. Compaction and environmental control of the fill was carried out and 
drainage wells installed to keep the water table low in order to hasten the rate of settlement. The fill generally was placed at 
approximately 85 percent saturation. A magnetic settlement system was installed as the fill was placed and the differential settlement 
recorded during fill placement and about 4 years after completion. The rate of settlement response was rapid but proceeded more 
slowly as the fill became compressed close to the saturated state. 
INTRODUCTION 
As part of a residential project closely adjacent to the Metro 
Toronto downtown core and adjacent to an expressway, an 
abandoned brick quarry, approximately 35 m deep, was to be 
backfilled with clean, compacted soil to support a residential 
subdivision. The project was initiated during mid-1980, a high 
period for residential construction activity in Metro Toronto. 
The feasibility of the project was improved greatly by the fees 
that could be charged for the privilege of disposing of earth fill 
from other excavations. The developers could be selective in 
their acceptance of fill. Fill that was environmentally 
unacceptable, - with respect to environmental disposal rules or 
for compactibility reasons, - was rejected. This naturally 
included fill known to contain oil products, creosote, topsoil, 
or fill that was too wet to compact to at least 95% of standard 
proctor maximum density. The intent was to fill the quarry as 
quickly as possible in order to take advantage of the hot 
residential market. 
The fill delivered to the site came from a number of sources 
with differing physical characteristics. It was recognized that 
compaction control could not be as good as would apply in 
other engineered fill applications. The selection of reference 
densities for a load of material were expected to be less exact. 
The need for good compaction was understood and it was 
decided, at an early stage, because of the variables, that the 
actual settlement behaviour of the compacted fill had to be 
monitored. Of particular concern, in this regard, was the need 
to know the settlement in response to load application, i.e. 
additional fill. The fill was partially saturated and previous 
experience had indicated that settlement or adjustment should 
occur quickly. With rapid response, a very large part of the 
settlement under self weight, would be complete shortly after 
the last fill placement. Of course, as the fill compressed to a 
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fully saturated state, final settlement was expected to be much 
slower. 
It was intended that monitoring would be continued after fill 
was up to final level and that no construction would take place 
until conditions stabilized. During filling, the water table was 
kept as low as possible in order to maintain a maximum weight 
environment. Brick rubble french drains were installed during 
the filling process, adjacent to the perimeter quarry walls, and 
these were led to deep well pumping locations after filling was 
complete and a buoyant condition prevailed which was expected 
to reduce or stop additional settlement. 
Particular compaction care and control was exerted in the top 
9 m of fill in order to provide a raft-like mat to help bridge 
over any zones of variable compressibility existing at greater 
depth. 
In the event that the monitoring indicted an uncertain settlement 
environment despite these precautions, the decision could be 
made to support the homes on grade beams and caissons or 
piles with flexible service connections. The need for gradual 
and flexible transitions of buried services passing over the 
perimeter areas was recognized. 
RATE OF FILLING 
The deepest area of the quarry prior to filling was at El. 46 m. 
The rate of fill rise, since initial fill placement in July 1984, 
to the first level for installation of instruments on May 15, 
1985, at approximately EL 65 m, was about 1.4 m per month. 
This average is approximate since rapid filling occurred 
during periods of good weather and little or no filling 
during wet periods. This approximate filling rate continued 
for the rest of the year. A slow up occurred during the 
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following year such that only about 6 m of 
additional fill was placed and this reduction in fill 
placement continued in 1987 and work was 
stopped at a final fill level near EL 81-84 m . 
. This slowing up resulted partly from the fact that 
the fill placement area expanded in the less 
confined upper levels of the quarry and eventually 
as result of the discussions that developed to 
preserve,as park land, the world-famous Early 
Pleistocene deposits that were exposed just above 
bedrock. 
FILL CHARACTERISTICS 
Since the fill came from a variety of sources, a 
wide variety of soil types were placed. As a 
result some areas may have received a greater 
proportion of plastic soil at any given level. 
Random compaction control and inspection was 
carried out. Full time inspection and control was 
not authorized. It was felt that the surcharging 
effect. of the upper levels would have an additional 
compacting effect, which, when coupled with the 
proposed raft-like well-compacted layer 
comprising the final upper levels and the 
proposed settlement monitoring, should make up 
for much of the limits on inspection of 
compaction in this variable fill. 
Figures 2 and 3 indicate the compaction effort 
achieved in the first 19 rnonths up to February 
1986 when about 26 m of fill had been placed. It 
is noted that most of the compacted densities were 
in excess of 98% standard Proctor density. 
Numerous measurements of in-place density, 
moisture content and the specific gravity of the 
soil confirmed that it was partially saturated. 
INSTRUMENTATION 
Monitoring of the progressive compression of the 
fill was achieved by the installation of four 
magnetic extensometer and settlement gauges. 
Slotted wells were provided to monitor for 
methane gas emission in the water level within the 
fill. Barriers were erected to protect against 
trucks, earth-moving and compaction equipment, 
although it was desired that compaction be done 
as close as practical to the monitoring units. 
Fortunately the installations survived. The 
locations of the four settlement gauges are shown 
on Figure 1. 
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Fig. 1 Contour Plan of Quarry Prior to Filling 
PRECENT STANDARD PROCTOR 
Fig. 2 Record of Proctor Density Results 
To February 14, 1986 
PRECENT STANDARD PROCTOR 
Fig. 3 Frequency Plot of Proctor Test 
Results to February 14, 1986 
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The first settlement units were installed on or 
about May 15, 1985 when the fill was at 
approximate EL 65 or about 15 m above bedrock 
level. Fill placement had begun in early 
July 1984. The settlement reference plates were 
set in the fill at 3 levels from 3 to 15 m above 
bedrock. The bottom reference for each 
installation was fixed in bedrock. Elevations were 
taken at the prevailing top of fill level beside each 
installation. As fill placement continued, 
additional reference plates were set at 
approximate EL. 68 to 70 and and finally at EL 
79 to 83. 
In two installations, F and H, with the eventual use 
of smaller diameter insert wires, it was possible to 
get readings from all magnets up to April 1991. 
However in the other two units the wires could 
eventually not be advanced below the third insert 
at approximate EL 65 m. 
RESULTS OF MONITORING 
The records of settlement from the magnetic 
gauges, during the period following initial 
installation on May 15, 1985, are presented on 
Figures 4 to 7. These graphs are presented in the 
form of percent settlement of the fill below any 
reference plate versus time up to April 1991. 
Also shown are the approximate fill levels during 
this period. 
Unfortunately authorization to monitor 
settlements was not received until the spring of 
1985 and, of course, some compression had 
already taken place since filling was started in 
July 1984. In an attempt to account for this, an 
assumption was made that the rate below a given 
reference plate was the same as applied after May 
15, 1985. Table 1 indicates the for the post May 











Approximate % Settlement 
for E3 to H3 
(determined from drawings) 
1 2 3 4 
0.65 1.1 1.55 1.9 
0.75 1.3 1.95 2.15 
0.7 1.1 1.75 2.0 
0.6 .85 1.5 1.8 








The results of this accounting are presented in the 
modified percent settlement vers~s time pl~ts 
presented in Figures 8 to 10. In th1s presentat10n 
only units E, F and H have been plotted. 
Insufficient readings were obtained. 
The calculations of total compression under each 
settlement reference plate are presented in T~ble 
2. The maximum amount of compressiOn, 
occurring below the level of the highest refere~ce 
plate, i.e. below about EL 79 - 83, representmg 
about 30 m of compacted fill, was found to range 
from 1.59 mat location F to 1.13 mat location H. 
This represents the additional settlement of fill 
which had already received a relatively-acceptable 
degree of machine compaction. 
The amount and percentage compression of fill, 
confined between the reference plates, is also 
indicated in Table 2. In general, the percent 
settlement ranged between 3 and 6 percent. 
Higher and lower values were computed for F2 
and F3 which suggests either much more 
compressible material between F2 and F1 or that 
magnet F2 was located at a higher lev~l than 
indicated. The combined settlement for mterval 
F3 to Fl is in agreement with the general results. 
Table 2 
Estimated Compression of Fill about 4 years after Compaction from 
initial filling July 1984 
Loc~ttion Apprnx. Cnm· Total Fill Thickness Total Compres- % Local 
and Bedrock pa<:ted% Thickness Between 3x4 sion 
Magnet Level to Below Magnets Local 1}5 X 100 
April '91 magnet to (approx.) from 6 
Bedrock 
(ll (2) (3) 
(approx.). 
(4) (5) (6) (7! 
E1 51.5 3.71 to 2.8 .104 
Jul)' 418$ 
E2 4.92 lO 7.3 4.5 .36 .26 5.83 
A•l· J,/15 
E3 5.44 13.8 6.5 .75 .39 5.96 
E4 5.00 19.2 5.4 .96 .21 3.89 
ES 4.60 31.4 12.2 1.44 .48 3.93 
F1 51.3 5.23 3.8 .20 
F2 7.23 8.7 4.9 .63 .43 8.77 
F3 5.92 13.4 4.7 .79 .16 3.4 
F4 5.70 18.6 5.2 1.06 .27 5.19 
FS 5.13 31.0 12.4 1.59 .53 4.27 
Hl 49.5 3.89 3.1 
.IS 
H2 3.99 6.8 3.7 .27 .12 3.28 
H3 4.10 13.5 6.8 .55 .28 4.14 
H4 3.93 18.5 4.9 .73 .28 5.67 
H5 3.78 30.0 11.5 1.13 .30 2.60 
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With regard to other observations it is noted that 
the water table was in the range of EL 58-62 very 
approximately in 1985 . when the fill rose to 
approximately EL 72-75. Jt rose gradually 
during 1986 ~nd 1987 after which pumping was 
discontinued such that the measured level in April 
1991 was about EL 78. Negligible amounts of gas 
were recorded in 1991 In earlier readings some 
methane gas was detected which suggests that the 
fill was not entirely free of topsoil or equivalent 
methane-producing materials. 
Fig. 4 Downhole Magnet Probe Extensometer 
Fig. 5- Record of Fill Settlement 
Don Valley Brick Yard Location E 
.. 
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Fig. 6 Record of Fill Settlement 
Don Valley Brick Yard Location F 
srJ web ~~~~~JeJ /I\ _ ; \ · 
;~~+;rw~~~~~Pr~~t--TW+rh i 
Fig. 7 Record of Fill Settlement 
Don Valley Brick Yard Location G 
Fig. 8 Record of Fill Settlement 
Don Valley Brick Yard Location H 
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Estimated Overall Fill Settlement 
Location E 
Estimated Overall Fill Settlement 
Location F 
Estimated Overall Fill Settlement 
Location H 
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COMMENTS ON RESULTS 
It was apparent, from all of the percent 
settlement-time graphs, that compression of the 
fill occurred quickly as fill was applied with 
almost all of the settlement occurring during the 
filling period. This was the anticipated and 
hoped-for result to allow the rapid development 
of the site The eventual behaviour of homes, and 
services will never be known since the land was 
expropriated as parkland before development 
could begin.. Considering the current malaise in 
the housing market, the Developer possibly should 
be grateful for the favour fickle fate had bestowed 
on him. 
CONCLUSION 
The monitoring of the approximate 30 - 35 m of 
compacted fill at this location has confirmed that 
significant settlement can occur even for 
reasonably well compacted fill. The maximum 
settlement was observed to range from 3 to 6 
percent of the total fill height placed. 
The more significant observation, which confirms 
reports by others, is that the compression of the 
partially saturated $Oil responded quickly to 
filling. In this case most of the settlement = 
appears to have taken place by the time the fill 
was up to !mal levels. 
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